This research focuses on the in-silico study of ten synthesised indanone derivatives as dengue virus type-2 (DENV-2) NS2B/NS3 protease inhibitor using Wilchapong et al. 's homology protein crystal structure. The effort to prevent the infection and cure the disease were escalating as the dengue virus transmission has been classified as an emerging infectious disease. The Lamarckian genetic algorithm was employed in Autodock 4.2 to determine the binding modes and synthesised compounds conformation towards DENV-2 NS2B/NS3 protease homology protein crystal structure. The in-silico study reveals that the compound, 3g and 3h have the highest binding affinity and fit into the allosteric pocket of DENV-2 NS2B/NS3 serine protease with hydrogen bonding, the π-π stacking interaction and hydrophobic interaction.
INTRODUCTION
Dengue fever (DF), a mosquito-borne viral infection, is transmitted to humans through the bites of the infected female mosquitoes of Aedes aegypti and Aedes albopictus. Four dengue virus serotypes (DENV 1-4) have been classified.
The treatment of DF available nowadays is limited to supplemental medical care and fluid replacement, as no specific treatment exists. 1 The first tetravalent vaccine Dengvaxia® developed by Sanofi Pasteur was licensed and approved by regulatory authorities in 20 countries for trial use by person ranging 9-45 years in a highly endemic area. 2 However, the trial outcome showed that the vaccine trial participants faced a higher risk of more severe DF and hospitalisations compared to unvaccinated participants. 3 With the absence of promising anti-dengue drugs or vaccine options, there are ongoing needs to seek other preventing and treatment measure. Therefore, the quest in searching for anti-dengue drugs or dengue vaccine is still ongoing.
Several synthetic strategists have been developed inspired by the useful moiety of indanone. Some of the indanone-based chalcone derivatives have also been constructed based on the basic structure of Donepezil. These compounds have been studied mainly for its anti-Alzheimer activity and various other activities including anti-cancer, monoamine oxidase inhibitor, and the potential treatment of neurol. [4] [5] [6] [7] [8] The anti-inflammatory activity of the 6-hydroxyl-2-benzylidene-1-indanone was measured, and structure activities relationship of synthesised compounds was illustrated as presented in Figure 1 . 9 In this study, ten indanone derivatives have been synthesised as potential DENV-2 NS2B/NS3 protease inhibitors.
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EXPERIMENTAL

The Synthesis of Benzylidene Indanone Derivatives
Different types of aromatic aldehydes (2.0 mmol), 1a-1j were added into the stirred solution of indanone (2.0 mmol), 2 in the presence of 10 % of potassium hydroxide (KOH) in methanol (w/v). 10 The reaction of the benzylidene indanone derivatives, 3a-3j was depicted in Scheme 1. The reaction was monitored using thin-layer chromatography (TLC) with the solvent system of methanol:n-hexane (8.5:1.5 (v/v)) and the pH of the reaction mixture was then adjusted to 5-6 by adding 10% hydrochloric acid solution (w/v). The precipitated was filtered using vacuum filtration, washed using cold methanol and dried under vacuum. The synthesized compounds were further recrystallised using a single-solvent recrystallization technique. After that, the synthesised compounds were further characterised to determine its physicochemical properties.
Molecular Docking Studies
The structure of the synthesised compounds was sketched using MarvinSketch 19.4.0 and converted into a 3D structure using HyperChem Pro 8.0 software. The molecular docking was performed using AutoDock 4.2 to identify the binding mode and conformation of the synthesised compound with the protease. 11 The homologous crystal structure of protein generated by Wilchapong et al. were used. 20 AutoDock Tools (ADT) version 1.5.6 was used in the preparation of docking simulation. The dimension of 74 × 43 × 64 in x,y,z coordination were employed as the grid box size to cover the protease active site.
RESULTS AND DISCUSSION
The targeted compounds benzylidene indanone derivatives, 3a-3j as depicted in Scheme 1 were obtained by the aldol-type condensation. The yields of the synthesised compounds ranged from 40% to 80% after recrystallisation with ethanol. The data obtained were in agreement with the proposed structures. The Fourier transform infrared (FTIR) spectra revealed the appearance of aromatic C=C band ranging at 1550-1650 cm -1 prove the formation of a,ß-unsaturated ketone. 12, 13 The 1 H NMR spectra showed the signals of respective proton according to their chemical shifts, multiplicities and coupling constants. The in-silico studies were conducted to screen the compounds with molecular interaction towards DENV-2 NS2B/NS3 protease, as it plays an important role in virus replication. 15 The three catalytic triad amino acid residues were located in NS3 serine protease namely His51, Asp75 and Ser135. The NS2B protease acted as a NS3 serine protease co-factor for an optimal catalytic activity. 16, 17 The DENV-2 NS2B/NS3 protease was reported to have an activity by cleaving the adjacent basic residues of NS2A/NS2B, NS2B/NS3, NS3/NS4A and NS4B/NS5 junction. 18, 19 The homology protein crystal structure generated by Wilchapong et al. was used due to the lack of DENV-2 NS2B/NS3 serine protease inhibitorbound 3D structures and some of the protease database structures were found to have a missing amino acid residues. 20 The Lamarckian genetic algorithm was employed in AutoDock 4.2 to determine the binding modes and synthesised compounds conformation towards DENV-2 NS2B/NS3 protease homology protein crystal structure. The covalent map parameter was used during positive control docking simulation to constrain the molecular geometry of the peptide inhibitor. After that, compounds 3a-3j were docked with Wilchapong homology crystal structure using the same parameter.
The free energy of binding (FEB) obtained was tabulated in Table 1 . The compounds, 3a-3j fit into the allosteric pocket of NS2B/NS3 serine protease (Figure 2 ). The compounds 3g and 3h that have the lowest free energy of binding of -7.3 kcal mol -1 showed a higher binding affinity towards the amino acid residues in the allosteric pocket. The detailed binding interaction of the compound 3g and 3h with the amino acid residues were shown in Figure 3 . Both compounds showed one hydrogen bonding interaction, two π-π stacking interaction, and one π-alkyl interaction with the amino acid residue in the DENV-2 NS2B/NS3 protease.
The presence of the aromatic group in the synthesised benzylidene indanone derivatives enhance the possibilities of van der Waals interaction. The π-π stacking interaction between the His51 and the benzylidene moiety in compounds 3g and 3h suggested affecting DENV-2 NS2B/NS3 replication as His51 is one of the catalytic triads of NS2B required for replication activities. 21 Besides that, the indanone moiety in the synthesised compounds contributed to another π-π stacking interaction between the aromatic ring moieties present in the Tyr161.
The hydrogen bond interaction of compound 3g and amino acid residue Gly82 occurred at the morpholine ring with a distance of 3.56 Å, as the hydrogen located at the carbon next to the oxygen act as the hydrogen donor. Whilst, the hydrogen bond interaction of 3.47 Å between 3h and amino acid residue Asn154 exist at the nitrogen atom in the piperidinyl moiety. The stability of the hydrogen bond network between the synthesised compounds and the amino acid residues dominates the binding strength and therefore affecting the rate of inhibitors. One of the criteria of a good hydrogen bond interaction is the distance between hydrogen donor and acceptor was shorter than 3.5 Å. 22 Hence, the hydrogen bond presence of compound 3h was suggested to be stronger as it is in a shorter distance than compound 3g. Figure 3 : The binding interaction of compounds 3g and 3h (-hydrogen bond; -π-cation; -π-π stacking; -π-alkyl)
CONCLUSION
The significant molecular interaction between the synthesised compounds and DENV2 NS2B/NS3 serine protease were revealed by molecular studies indicating their potential activity as a protease inhibitor. The compound 3g is predicted to have a higher DENV-2 NS2B/NS3 protease inhibitor as it has a good hydrogen bond interaction with a significant van der Waals force between the synthesised compound and the amino acid residues. Further verification studies such as, invitro, toxicity analysis, and in-vivo is required for identifying the possibilities of the indanone derivatives to be a lead molecule for anti-dengue drug development.
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